Serum concentrations of total thyroid hormones, thyroid hormone binding proteins, free thyroid hormones and thyroid stimulating hormone (TSH) were measured in a large group of healthy normal subjects (n=218) to determine the influence of age and sex on tests of thyroid function.
Age-and sex-related differences in measurements of total thyroid hormones and thyroid hormone binding proteins have been described.v ' In addition, an influence of age and sex on free T4levels has been reported." In the present study, measurements of both free T4 and free 13 have been examined alongside measurements of total thyroid hormones, binding proteins and TSH in a large group of healthy normal subjects in order to determine the interaction of age and sex with tests of thyroid function.
Subjects and methods
Serum samples were obtained from 218 healthy euthyroid subjects aged 16-88 years. None of the subjects had a history of thyroid disease and no .subject was taking any drug known or suspected to influence thyroid hormone measurements. Subjects known to suffer from any significant non-thyroidal illness were excluded and none were attending hospital or requiring institutional care. Subjects were div-Correspondence: Dr J A Franklyn 502 ided into groups of men and women aged 16-29 years (40 men, 20 women), 30-39 years (17 men, 25 women), 40-49 years (16 men, 17 women), 50-59 years (11 men, 15 women), 60-69 years (13 men, 18 women) and greater than 70 years (nine men, 17 women).
Free T4 and free 13 concentrations were measured using Amerlex kit assays.P:" Total T4, total T3 and total reverse-T3 levels were measured by an in-house radioimmunoassay.7-9 TBG concentrations were measured by immunoelectrophoresis, and TBPA and albumin by immunodiffusion. in. 11 Serum TSH was measured using the Amerlex TSH kit.
The intluence of age on measurements of thyroid hormones and binding proteins was examined by linear regression analysis. The influence of sex was determined by analysis of variance and by comparing results in each age group using a Student's t-test for unpaired data.
Results
When the influence of age on measurements of thyroid hormones and binding proteins was examined there was no correlation between 140 I levels of total T4, total T3, reverse-TI and age ( Fig. 1 ). There was, however, a significant linear correlation between increasing age and TBG concentration (n=218, r=0·32, P<O·OOOS) (Fig. 2) . No effect of age on albumin concentration was evident. The T4:TBG ratio fell significantly with increasing age (r=0·37, P<O·OOOS) but concentrations of free T4, free T3 and TSH were not influenced ( Fig. 3 ). An interaction of sex with thyroid hormone and binding protein measurements was also evident. Levels of total T4 and total T3 were lower in women between the ages of 16 and 49 than in men ( Fig. 1) but no difference in older subjects was demonstrated. TBG concentration was higher in the women aged 16--29,3G-39 and 4G-49 than in men, while TBPA concentration was reduced in' these age groups. Albumin concentration was not influenced by sex (Fig.  2 ). The T4:TBG ratio was significantly lower in II II II II II II the women aged 16--29, 3G-39 and 4G-49 compared with men, as was free T4 concentration. A significant reduction in free T3 measurements in women was demonstrated only in the age group 16--29 years (Fig. 3) . TSH values were unaffected by sex. In the present study measurements of total and free thyroid hormones were unaffected by increasing age. These findings agree with those of one study of healthy elderly subjects.F but conflict with a number of reports describing reductions in measurements of total T4, total T3 and free T4 in old age.:': 4. 13. 14 This discrepancy may reflect the careful selection of a healthy population for the present study with the exclusion of all subjects with any significant non-thyroidal illness, particularly important in the older age groups. The results of the present study suggest that reductions in thyroid hormone concentrations in the elderly reported 70+ elsewhere may reflect the influence of illness and not increasing age alone. A significant correlation between age and TBG concentration was evident in the present study while TBPA concentration was inversely related both to increasin1 age and TBG concentration. Hesch et at.1 have described a similar influence of age on TBG levels, although Kojima et al." found no effect. A further study 1 describes a rise in TBG and fall in TBPA in the elderly. The explanation for the rise in TBG with increasing age is not clear but in elderly men it may be related to decreased testosterone production. 16 An influence of sex on tests of thyroid function was clearly evident. The higher TBG levels found in the women between 16 and 49 years confirms previous reports'? and reflects the effect of oestrogen on TBG synthesis in the pre-menopausal female subject.P Despite the rise in TBG which might predictably increase total thyroid hormone concentrations, levels of both total T4 and total T3 were reduced in women between 16 and 49 as were the T4:TBG ratio and free T4 measurements. Wilke]' 4 has described similar reductions also in total T3, T4:TBG ratio and free T4 levels. A similar sex difference for free T4 has been described in the rat;'? this has been attributed to differences between the sexes in thyroxine turnover rate,20 but the mode of interaction of sex with thyroid hormone measurements in man is not clear. In the present study sex-related differences in thyroid hormone levels were confined to the age groups between 16 and 49 years, as were differences in TBG, suggesting that sex hormone status in the pre-menopausal female subject may determine an increase in TBG concentration, and in addition may have an opposing effect on circulating thyroid hormone concentrations.
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